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Structure porosity and specific surface area of undoped and doped nanodispersed titanium dioxide with 
Zr, Nb was investigated. The porous structure of TiO2 is caused by its intervals between nanoparticles and 
their agglomerates. Surface morphology of obtained materials was determined by isotherms of nitrogen 
adsorption-desorption. Specific surface area of nanodispersed titanium dioxide, according to the results, 
consists 182 m2/g. It was found, that during doping of titanium dioxide with zirconium comparing to origin 
TiO2 specific surface increases in 30 %, and for niobium-doped decreases in 20 %. Pore-size distribution for 
TiO2<Nb>  correspond to the value of 10-15 nm. 
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Titanium dioxide, especially nanosized TiO2, is a 
promising material in nowadays technologies [1]. TiO2 
obtaining in different polymorphs (anatase, rutile and 
brookite) and its modification is a quite topical at this 
time because it has large specific surface and structure 
which is capable for intercalation process. Modification of 
TiO2 is mostly done by doping with admixture, which 
change both the crystal structure and its morphology [2]. 
This paper presents the study of the pore structure of 
origin titanium dioxide and its change caused by chemi-
cal admixture of transition metals Nb and Zr. We have 
found [3, 4], that modified in such a way TiO2 has a num-
ber of advantages, including its larger surface area, 
smaller particles and better thermal stability [5-7], which 
is crucial fact for its use as an electrode material [8].  
The porous structure of TiO2 is caused by its granu-
lar structure and it is the intervals between primary and 
secondary (agglomerates) particles. SEM image of the 
surface material of TiO2, TiO2Zr, TiO2Nb indicates on 
a slight increase of spherical grains for TiO2Nb [3]. 
According to data [9], niobium-doping at concentra-
tion of 1 %, 3 %, 5 % causes to decrease of TiO2 parti-
cles for anatase and their increase for rutile. Interact-
ing with each other oxides TiO2 and ZrO2 form a solid 
solution ZrxTi1 – xO2 with large surface area, high 
thermal stability and mechanical strength [10]. 
 
2. EXPERIMENTAL DETAILS 
 
Surface morphology of doped titanium dioxide 
which main structure is anatase was determined by 
isotherms of nitrogen adsorption-desorption at a tem-
perature T  77 K on the device Quantachrome Auto-
sorb (Nova 2200e). Calculation of the specific area and 
determination of the pore distribution were carried out 
automatically using computer programs. 
Samples were degased in a vacuum chamber with a 
residual pressure of ~ 1.3 Pa at 373 K for 17 hours. The 
total pore volume was calculated by volume of adsorbed 
nitrogen according to desorption isotherm. The method 
of BJH (Barrett-Joyner-Halendy) was used to deter-
mine the porosity. The specific surface area was deter-
mined by multipoint method. 
3. RESULTS AND DISCUSSION 
 
Obtained titanium dioxide by sol-gel technology is 
nano dispersed with an average particle size of 10 nm. 
Zirconium and niobium concentration in TiO2 was 
20 mol % in molar mass, but impurity phases were not 
observed on X-ray diffractograms [3, 4], indicating its 
complete solubility in the structure of the main material.  
Fig. 1 shows the adsorption-desorption isotherms of 
nitrogen (a) and pore-size distributions (b) defined by 
BJH method for the origin TiO2. Isotherm (Fig. 1a) is 
characterized by two hysteresis loops at relative pres-
sures 0.4  P/P0  0.6 and at 0.05  P/P0  0.1. 
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Fig. 1 – N2 isotherms (a) and pore-size distribution (b) for 
origin TiO2 
 
This is a Type I isotherm according to the IUPAC clas-
sification, which is inherent for microporous substances 
and describes the material as a matter of uniform surface, 
which is consistent with the SEM image, where by the 










Maximum pore-size distribution for TiO2 (Fig. 1b) cor-
responds to the value of 3 nm. According to the definition 
of pore size classification this value for ТіО2 corresponds 
to micropores as consistent with the obtained isotherm on 
Fig. 1a. 
For niobium-doped titanium dioxide nitrogen iso-
therm is Type V, which is typical for micro- and mesopo-
rous materials and indicates a significant pore increase 
after doping.  
One explanation for this phenomenon is the increase 
of nanoparticles surface area or their agglomeration and 
thus increases of the relative part of the pores with larger 
size. The value of pore-size distribution for TiO2Nb is 
presented in Fig. 2b. 
Comparing with the preceding distribution pore-size 
distribution in the 10-15 nm region is observed, which 
corresponds to mesopores, although there are mi-
cropores too. 
 




























Fig. 2 – N2 isotherms (a) and pore-size distribution for TiO2 
doped with Nb (b) 
 
For zirconium-doped titanium dioxide (Fig. 3) iso-
therm indicates an increase in the porosity of the mate-
rial compared to the origin TiO2 and Nb-doped TiO2. 
For this case it is a type III isotherm, which is close to 
the V type. Hysteresis loop (Fig. 3a) the same as for 
previous material at pressures of 0.8  P/P0  0.98 cor-
responds to filling with nitrogen of major structural 
pores and mesopores between gaps of agglomerated 
(secondary) particles. According to Fig. 3b it is clear 
that the maximum of distribution is for the micropores 
with the size of 3 nm as to the origin TiO2. 
Thus, doping changes the morphology of titanium 
dioxide, increasing the pore size, especially for the case 
of TiO2Nb. Table1 shows the parameters of TiO2 po-
rous structure. 
Especially it is very important that compared with 
the origin titanium dioxide and TiO2Nb specific sur-
face determined by the method of BET and t-method 
TiO2Zr is the largest and corresponds to Fig. 3b. 
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Fig. 3 – N2 isotherms  of  nitrogen (a)  and pore size distribu-
tion for Zr-doped TiO2 (b) 
 
 
Table 1 – Characterization of surface and pore structure of nano dispersed TiO2 
 
 TiO2 TiO2Nb TiO2Zr 
Specific surface area (ВЕТ), m2/g 182 145 258 
Specific surface area (t-method), 
m2/g 
132 27,5 67 
Specific pore volume, cm3/g 0,09 0,33 0,18 
Specific pore volume (t-method), 
cm3/g 
0,057 0,012 0,029 



























Pore size and specific surface area of nanodispersed 
origin, zirconium-and niobium-doped titanium dioxide 
have been calculated by BJH and BET methods. 
It was found that during zirconium-doping specific 
surface area increases significantly to 258 m2/g rela-
tively to the value for the origin TiO2 and decreases to 
145 m2/g for niobium-doped TiO2. Micropores are pre-
dominant, especially for TiO2 and TiO2Zr. For 
TiO2Nb maximum pore size distribution is 10-15 nm. 
 
 
Вплив легування діоксиду титану ніобієм і цирконієм на морфологію поверхні 
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Прикарпатський національний університет ім. В.Стефаника, вул. Шевченка, 57, 76000  
м. Івано-Франківськ, Україна 
 
Досліджено пористу структуру та питому площу поверхні нанодисперсного діоксиду титану неле-
гованого та легованого Zr i Nb. Встановлено, що пористість нанодисперсного TiO2 являє собою порож-
нини між наночастинками та їх агломератами. Шляхом аналізу ізотерм адсорбції-десорбції азоту ви-
значалася морфологія поверхні матеріалів. Питома площа поверхні нелегованого діоксиду титану 
ТіО2 (розмір частинок ~ 10 нм), становила 182 м2/г. Показано, що при легуванні діоксиду титану, цир-
конієм в порівнянні із нелегованим TiO2 площа питомої поверхні збільшується на 30 %, а у випадку 
легування ніобієм зменшується на 20 %. Основна частина пор діоксиду титану легованого ніобієм во-
лодіє розміром 10-15 нм. 
 
Ключові слова: Легування, Діоксид титану, Питома площа поверхні. 
 
 
Влияние легирования диоксида титана ниобием и цирконием на морфологию поверхности 
 
Л.М. Гуменюк, И.М. Будзуляк, Р.В. Ильницкий 
 
Прикарпатский национальный университет им. В. Стефаника, ул. Шевченка, 57, 76000  
г. Ивано-Франковск, Украина 
 
Исследованы пористая структура и удельная площадь поверхности нанодисперсного диоксида ти-
тана нелегированного и легированного Zr и Nb. Установлено, что пористость нанодисперсного TiO2 
представляет собой интервалы между наночастицами и их агломератами. Морфология поверхности 
материалов определялась путем анализа изотерм адсорбции-десорбции. Удельная площадь поверхно-
сти нелегированного диоксида титана ТіО2 (размер частиц ~ 10 нм ), согласно полученным результа-
там, составила 182 м2/г. Показано, что при легировании диоксида титана, цирконием по сравнению с 
нелегированным TiO2 площадь удельной поверхности увеличивается на 30 %, а в случае легирования 
ниобием – уменьшается на 20 %. Основная часть пор для диоксида титана легированного ниобием ха-
рактеризуется размером 10-15 нм. 
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